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COMPLEMENT COMPONENTS AND BINDING LIGANDS IN FERTILITY 

Field nf th Q Tpypnjj^ 

The invention is in the * 
-Productive y an / ! 'J™™"™ reproduction and 

isolating aerosol-reacted ll T mtM ' f ° r detect, "9 °r 
in dia „osis ir jL Z ""V^ Kh,Ch ^ 

— - - - ^-L; f 

Description of t.h» R^^ rm , nffJi]1 

Mammalian reproduction is a hi„m„ 
«Mch invo.ves diverse special, J i , M< "° 9iCal » r °«" 

of =n i-unoiogica appro cn t0 r rf ^ ne 
Cinica, studies I ' nstra 7 £7" "7 ^ "" ,C ^ 
tissues express m i que or sha ^ , e " "1 ^ " . ' ' 
~, - that «, i«e respect™ ^ 

«odo„al alti^T Co^Tr,^ - 
ch=racteri Z atio„ of ' f,C,t,M ' - 

antigens, and the use of «„rh ^'7 huran ' reproductive tissue 

««« i~ ,r* :: "rr trr 

Anderson, D.J. et al 7- p on , n , T process - ( s ^, for example, 
~ — ast P-a ^ Z piacet 
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tae, recognize the conserved region of a polymorphic cell surface 
molecule expressed by all human trophoblast populations, as well as 
peripheral blood leukocytes, certain specialized epithel ia-including 
endometrial glands, and a number of malignant cell types (Johnson, 
P.M. et a!. , Amer. J. Reprod. Immunol. 1:246-254 (1981); McLaughlin 
et a!, , Int. J. Cancer 30:21 (1982); Bulmer et a!. , Placenta 6:127-40 
(1985); Stern et al . , J. Immunol. 137:1604 (1986)). The tissue 
distribution and biochemical characteristics of the H316-reactive 
antigen suggested a close relationship to the "TLX" 
(trophoblast/leukocyte-common or cross-reactive) antigen family, which 
had been speculated to induce blocking factors and recruit suppressor 
cells to the fetal -maternal interface during normal pregnancy. 
Polyclonal anti-TLX xenoantisera, which originally were used to 
characterize this antigen system, also react with human semen (Faulk 
et al. , Immunol. Rev. 75:139 (1983); Bulmer et al. , supra; Stern et 
al . , supra )) . 

It has been speculated that the TLX antigen system, which may be 
recognized by the H316 antibody (Bulmer et al. , supra ; Stern et al., 
supra ) plays a central role in the regulation of maternal -fetal 
immunological interactions (Faulk et al. , supra ). However, these 
regulatory mechanisms have not been clearly defined in pregnancy, nor 
have they been investigated in other cellular systems expressing these 
antigens. 

The H316 mAb was included in a panel of anti-sperm monoclonal 
antibodies recently evaluated in a workshop sponsored by the World 
Healeth Organization (results reported in: Anderson et al . (1987), 
supra ). This mAb (Workshop #S60) and another mAb included in a panel 
of anti -trophoblast mAbs, GB24 (Workshop #T22), from Dr. B.L. Hsi , 
Nice, France, appeared to react with the same antigen. H316 was found 
in this workshop to react with the acrosomal region of methanol -fixed 
epididymal and ejaculated sperm, as well as with sperm and germ cells 
in methanol -fixed frozen sections of adult and fetal human testis. 
The antibody did not react by radioimmunoassay (RIA) or 
immunofluorescence (IF) assays with surface antigens of unfixed, 
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freshly ejaculated motile sperm. However, the antibody did react with 
acrosomal surface antigens on a majority of live motile sperm 
following either an 8 hour incubation with F-10 capacitation medium, 
or a 30 minutes incubation in medium containing the calcium ionophore, 
A23187, which also induces sperm acrosome reactions. 

Complement Binding Proteins 

A family of regulatory proteins that bind to and regulate 
various of the complement (C) proteins and peptides has been 
described (Holers, V. et_al. Immunol. Tnriav r^m.^o^. Reid> ^ 
JLL, Immunol. Today 7:230-223 (1985); Lublin, D.M. & Atkinson, j'.P 
Ann. Rev. Immunol 7:35-58 (1989)). Among the C regulatory proteins 
are the receptor for C3b known as CR1, factor H of the alternate 
pathway, the C3b inactivator (I), decay accelerating factor (DAF), and 
9P45-70. The abbreviation CR will be used herein to signify C 
receptors and C regulatory proteins. 

CR1 is an "200 kD intrinsic membrane glycoprotein found on human, 
erythrocytes, granulocytes, B lymphocytes, some T lymphocytes, 
monocytes, macrophages and glomerular podocytes. The role of CR1 in 
C-mediated endocytosis (Fearon, D.T. et al. . J. Exp. Med. 153: n 6 i 5 - 
1628 (1981)) and phagocytosis (Griffin, F.M. Jr. et al. . J Exp. Med 
154:291-305 (1981); Wright, S.D. sLAU, 0^1x£_Med, 156:1149-1164 
(1982)) is well known. 

The local activation and deposition of C components is regulated 
in part by acceleration of the decay of the multi -component complex 
known as C3 convertase, which is a necessary intermediary in C 
activation by the classical pathway and the alternate pathway. DAF 
recognized for its role in accelerating decay of C3 convertase, is a 
70 kD single chain intrinsic membrane glycoprotein present on 
erythrocytes, platelets and leukocytes. DAF binds with high affinity 
to C3b/C4b molecules only when they are in the membrane of the same 
cell as DAF, and its primary role is thought to be the prevention of 
the assembly of the convertase complex, rather than the dissociation 
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of already formed complexes (Medof, M.E. et al . , Complement 1:168 
(1984)). CR1 also shares this decay accelerating activity. 

Gp45-70 is identical to the membrane cofactor protein (MCP), 
which was named for its action as a co-factor in the factor I- 
dependent cleavage of C3b (Seya, T. et al . , J. Exp. Med. 163:837-855 
(1986)). This glycoprotein normally has a characteristic doublet 
protein band upon polyacryl amide gel electrophoresis (PAGE), with mean 
molecular weights of 58 and 63 kD. MCP was characterized as a cell - 
associated protein on the human monocyte-1 ike cell line, U937, has 
cofactor activity but is not a classical C3b receptor. Antisera to 
human CR1, DAF, H, and two other C receptors, CR2 and CR3, do not 
cross react with MCP. The expression of CR1 and MCP on the cell 
surface appears to be reciprocal. MCP has been detected on human T 
and B lymphocytes, monocytes, platelets, epithelial cells, 
fibroblasts, and mononucl ear-derived cell lines. The activity 
profiles of MCP and DAF are largely non-overlapping and 
complementary, leading to the suggestion that they act 
synergistically to prevent C activation on autologous tissues (Seya 
et al . , supra ) . 

More recently, the cDNA for MCP has been found to encode a 
protein having 4 short concensus repeats of about 60 amino acids rich 
in cysteine, the pattern of which is found in all C regulatory 
proteins studied. THe gene for MCP has been mapped to human 
chromosome 1 (q32), within 150 kilobases of the 3' end of the CR1 
gene. The MCP cDNA also encodes two serine/threonine-reich regions, 
known sites for O-glycosylation (Lublin, D.M. et al . , J. Exp. Med. 
168:181-194 (1988); Post, T.W. et al . . FASEB J. 3:A368 (1989) (abstr. 
#828)). 

The link between MCP and fertility is discussed below. 
Infertil itv 

A large number of cases of human infertility, especially in the 
mal*e, are not currently amenable to accurate diagnosis and the 
responsible mechanisms remain undetected. Indeed there is no 
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practical g„, d standard for dja9nos)ng ^ u 

infert,lny. An urgent need exists in the art for new tests for 
■ agnos.o Ba ,e and f eM le infertility of various unknown oHg 
The ^vent.on disclosed herein is directed to such a need. 

^^^^UJatteLaMJamete Int.r a f a ii„n, 3p t..,.. Tn „. ri , 

ihtra alll'LVTT'"" 0 " <"'• - 

occurs in vivo ^ ^ ^ " M Utilization 

factors not ' , S " of these Procedures relies on various 
factors, „ot t e least of which is the abilit, of the in vitro 

1 The C ° nStitUti0 " ° f th6 

pr«te the termination process. The nedia e.plo,ed ,„ these 

procedures were borrowed fro* other fields of tissue C ture t 
v 0 *,::; 1 ^V""*"' -~ ^ y mWc tne'nal 

146 noRon r • ' • Sinai J - Med - 56:141- 

146 (1989) Cons.denng the convexity of ovarian follicular fluid 
f P1 an tubal fluid, uterine and cervical mU cus, and se.inal f ' 

these fluids and the^r respective roles in fertilization. 
Complempnt and Fprtil ^tinn 

Olipbant and his colleagues (see, for exa»ple, Cabot, CI , 
0 .P an t. ... Bio^r^L „ :666 . 672 (]978) a „ d Suare2 ' ' * 

presence of c components in bovine follicular fluid and their 
ote„t,al role in the reproductive process. For example. Cab , 

torn) demonstrated that antibodies to bovine « nhibiteflt 

a b,My o, follicular fluid to induce the aerosol reaction in spe™ 
< suggested that the alternate pathway of c activation was in 72 

" SPe ™ «■»«*•««>• *»™ ^ ^ fom6 ^ ^ 
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washed ejaculated rabbit sperm, indicating the presence of bound 
immunoglobulins (i.e. antibodies). In the presence of serum 
containing active C components, Clq binding led C activation and 
ultimate damage and acrosomal loss. This potentially destructive 
process was shown to be inhibited by factors present in seminal plasma 
(Eng, L.A. &01iphant, G. , Biol. Reprod. 19:1083-1094 (1978)). It 
was therefore proposed that seminal plasma factors protect sperm both 
in the male reproductive tract and in proximal parts of the female 
reproductive tract (Suarez et al supra ) from C-mediated damage. 

Bedford and Witkin ( J. Reprod. Fert. 69:523-528 (1983)) reported 
that depletion of C in female rabbits in vivo before mating by 
treatment with cobra venom factor did not compromise the occurrence 
of the acrosome reaction after mating. This observation argues that 
the acrosome-reaction does not depend on C. However, C depletion 
resulted in a higher proportion of eggs fertilized, implying that C- 
mediated events may normally exert an inhibitory effect on sperm in 
the female reproductive tract. 

Fahmi, H.A. et al . ( J. Dairy Sci . 683318-3322 (1985)) showed that 
C levels (measured as total hemolytic C) in bovine follicular fluid 
varied over a 2-5 fold range with the estrus cycle, being highest at 
estrus and metestrus. At its peak, follicular C levels exceeded serum 
C levels by 5-22 fold. C3 production by uterine epithelial cells 
also appears to be under hormonal regulation. C3 transcript and 
protein levels increased after estradiol treatment in uterine 
epithelial cells, and this effect was inhibited by progesterone 
(Lyttle, C. R. et al. . Complement Workshop, 1989)). 

Tauber, P.F. et al . ( Am J. Obstet. Gvnecol . 151 :1115-1125 (1985)) 
examined secretory proteins of the cervical, uterine, and fallopian 
tube mucosa in humans, and disclosed that relatively low levels of 
diffusible total C activity, and of C3 proteins, were present in 
these fluids. The levels varied both within and between organs. No 
role for C in the reproductive process was postulated, and a 
potential role for C as an anti -bacterial defense in the female 
reproductive tract was even discounted. 
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C has been postulated to play a role in endometriosis, a 
condition associated with female reproductive failure. Isaacson, K.B. 
et a1 - ( J - Clin. Fndocrinnl. MPtah 69:1003-1009 (1989)) found that 
glandular epithelium of endometriotic tissue synthesized and secreted 
C3, which could be responsible directly, via its fragments or via 
other C activation products, for many of the immunological and 
inflammatory phenomena well-known in endometriosis. 

In summary, the function of C, its components, or any of its 
receptors, binding or regulatory proteins, in the facilitation or 
inhibition of fertilization remains unknown. An understanding of how, 
when, and where C or C components function in reproductive processes,' 
and an application of this knowledge to regulation and facilitation of 
fertilization, is a fundamental problem in the art to which the 
present invention is addressed. 

SUMMARY OF THE INVFNTTON 

This invention is based on the discovery by the inventors that 
sperm which have undergone an acrosome reaction express on their 
surface CR's variously known as TLX, MCP, g P 45-70, or CD46, and that 
mature oocytes also express CR's on their surface. The inventors 
conceived of a role for sperm and egg CR's in the process of sperm-egg 
interaction during the fertilization process. The invention is 
therefore directed to the exploitation of the presence of these CR's 
on gametes in the diagnosis and treatment of infertility, in the 
identification of acrosome-reacted sperm and mature oocytes, in the 
isolation of acrosome-reacted sperm, in the promotion or inhibition of 
fertilization in vitro or in vivo . 

More particularly, this invention is directed to a method for 
identifying an acrosome-reacted sperm comprising detecting the 
presence of a complement receptor on the sperm. In one embodiment, 
this method comprises the steps of: (a) contacting a sample with a 
bidding partner for a complement receptor or for the complement 
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component, C3b and (b) detecting the presence of the sperm-bound 
binding partner, thereby identifying the acrosome- reacted sperm. 

The binding partner for this method includes C3b, a fragment of 
C3b such as iC3b, a variant of C3b, such as C3b dimer, an antibody 
specific for C3b, and an antibody specific for a complement receptor 
expressed on the sperm. 

The binding partner is detectably labeled by any of a number of 
known labels, including enzymes, radioisotopes, fluorescent compounds, 
and chemi luminescent and bioluminescent compounds. 

The invention is also directed to a method for isolating an 
acrosome-reacted sperm in a sperm-containing sample comprising 
separating sperm expressing a complement receptor from sperm not 
expressing the receptor* In one embodiment, this method comprises the 
steps of: (a) contacting a sample with a binding partner for a 
complement receptor or for complement component C3b; and (b) 
isolating the sperm bound to the binding partner. In another 
embodiment, the method further comprises treating the sperm-containing 
sample with an agent capable of inducing an acrosomal reaction prior 
to contacting with a binding partner. The isolation is achieved by 
using appropriately labeled binding partners, such as, for example, 
with iron, allowing magnetic separation of the sperm to which the 
binding partner has bound. 

The invention is also directed to a method for identifying a 
complement receptor-bearing oocyte in an oocyte-containing sample 
comprising: (a) contacting the sample with a binding partner for a 
complement receptor or for complement component, C3b; and (b)detecting 
the presence of said oocyte-bound binding partner, thereby identifying 
the oocyte. In one embodiment, the method further comprising treating 
the oocyte with an agent capable of removing the zona pellucida from 
the oocyte. 

The binding partner for this method includes C3b, a fragment of 
C3b, a variant of C3b, an antibody specific for C3b, and an antibody 
specific for a complement receptor expressed on an oocyte. 
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The binding partner is detectably labeled by any of a number of 
known labels, including enzymes, radioisotopes, fluorescent com- 
pounds, and chemi luminescent and bioluminescent compounds. 

The invention is also directed to methods for promoting or 
inhibiting fertilization of an egg by a sperm in vitro or in vivo 
comprising contacting a sperm, an egg, or both with an amount of the 
complement component C3, or fragment or variant thereof, effective to 
promote or inhibit fertilization. In one embodiment, a C3b dimer at 
relatively high concentrations is used to inhibit fertilization In 
another embodiment, an antibody to the sperm CR or to the egg CR is 
used to inhibit fertilization. In yet another embodiment, a relative- 
ly low concentration of the C3b dimer is used to promote fertiliza- 



tion 



Th 1S invention is directed to a method for diagnosing infertility 
in a male subject comprising detecting the presence of acrosome- 
reacted sperm in a sample obtained from the subject using the method 
described earlier. In one embodiment, the method further comprises 
contacting the sperm-containing sample with an agent capable of 
inducing an acrosomal reaction. 

The invention is also directed to a method for diagnosing 
infertility in a female subject comprising detecting the presence of 
an oocyte expressing a complement receptor using the method described 
earlier or by measuring C3 levels in the reproductive tract. 

The invention is also directed to method for treating infertility 
substantially associated with C3b in a subject comprising reducing the 
concentration of C3b in the reproductive tract fluid to a level 
sufficiently low to eliminate the fertilization inhibitory activity of 
the C3b. 3 
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BRIEF DFSCRIPTION OF THE DRAWINGS 
FIGURE 1. Reactivity of H316 mAb on frozen sections of human adult 
testis as detected by indirect immunofluorescence (x 600). 

(A) Intense fluorescence on developing acrosomal cap in condensing 
spermatids; 

(B) Fluorescence localized in acrosomes of mature spermatozoa, 
FIGURE 2. Reactivity of H316 mAb to surface antigens on unfixed 

human ejaculate sperm detected by indirect immunofluorescence (x 600). 

Top: Washed A23 187 -treated sperm, phase contrast microscopy; 

Bottom: Same field showing H316 binding to most sperm. 

FIGURE 3. H316 immunoprecipitates from 125 I-surface-labeled A23187- 

treated human ejaculate sperm analyzed by SDS-PAGE under reducing 

conditions. Lane pairs 1-7 are from 7 different individuals. 

Lane A: specific H316 immunoprecipitate; 

Lane B: final pre-clear (background control). 

FIGURE 4. Immunogold detection of H316 binding to sperm using 
transmission electron microscopy (x 48,000). 

Top: Spermatozoa with intact acrosomes did not show any binding of 
the antibody; Bottom: Spermatozoa that had undergone the acrosome 
reaction demonstrated binding of antibody to acrosomal contents and 
possibly to the inner acrosomal membrane. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention is based on the recognition by the inventors that 
acrosome-reacted sperm bound to a mAb (H316) directed to a trophoblart 
cell surface antigen, and that the same antigen, present on leucocytes 
as well, was identical to a C binding protein, gp45-70, also known as 
the membrane cofactor protein (MCP). The antigen identified by the 
H316 mAb which is identical to MCP is also the same as the HuLy-ra5 
antigen (Johnson, P.M. et al . , in: Reproductiv e Immunology 1989, 
Mettler & Billington (eds.), Elsevier, Amsterdam (in press). Under 
the current system of nomenclature, this antigen has been designated 
CD46. As a result of this discovery, the inventors conceived of a 



WO 91/13352 



PCI7US91/01452 



■n- 



role for HOP, as , c Mndjng prote1 „ or a £ ^ 
surface of gametes, in the process of sperm-egg interaction during the 
fer ,l,zat,on process. The invention is therefore directed to the 
exploitation of the presence of this CR on gametes in the diagnosis of 
infertility, in the identification and isolation of acrosome-reacted 
sperm, ,„ the promotion or inhibition of fertilization in vitro or in 
vivo, and in the treatment of infertility — 
The term -complement" (C) refers to a group of proteins and 
9lycopr„te,ns normally found ,„ the plasma and other body n-ld. of a 
mammal, an organism (see, for examp!e, Klein, J., lmmls3XL _ !M 

react,„„s and interactions via two well-known pathways, the classical 

:i z o a fT; alt r te pathwa, • resuit,n9 * ^ ^-~t,«,T 

ar, e ty of b,olog,cally active C components. One component, C3, is a 

d 7^ T I' WhlCh COmPr1SeS ^ diSU ' f1de "^ d «■»'•• f ICS 
a 75 kO. The enzymatically active C4-C2 complex, activated in the 

c m / * ^ * b, " di " 9 ° f CI « «° » -tigen-antibody 

omplex, cleaves C3 into two fragments, C3a and C3b. C3b, C specia„y 

mod f,ed. such as in a dimer form, is capable of binding to CR's sui 
as the classically described CR1, CR2, and CR3, as well as to 'other 
more recently recognized C-binding and Cregulatory proteins 
■ nclud.ng OAF and HCP (Holers et^, ^ Seya ^ ^ R ' 
eLiL, iupra, and Lublin 8 Atk1«o«. aipra, which references are 
hereby incorporated by reference). 

Therefore, as used herein, the term "complement receptor" refers 
to any mo iecule substantially associated with the surface of a cell 
which binds a natural C component, or binds a fragment, variant or 
analogue of a natural C component, intended to be included in the 
term complement receptor" are the various C regulatory proteins In 
Particular, the CR associated with sperm is the MCP molecule, and is 
capable of binding C3b, preferably in the form of a C3b dimer. A CR 
is also capable of binding an antibody which is specific for the 
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particular type of CR. Thus, for example, a spermatozoan binds to the 
H316 or GB24 mAb which are specific for the MCP-type of CR. Also 
intended within the scope of this invention are the CR's designated 

CR1, CR2, CR3 and CR4. 
5 As used herein the term n C3" refers to the intact C3 molecule, 

whereas C3a and C3b are two fragments produced during C activation. 

A "fragment" of C3 or C3b refers to any subset of the molecule, 
that is, a shorter peptide. Thus, C3b is a fragment of C3. Other 
fragments intended within the scope of this invention include iC3b, 

10 C3a, C3c, C3dg and C3d. 

A "variant" of C3 or C3b refers to a molecule substantially 
similar to either the entire protein or a fragment thereof, which 
possesses biological activity that is substantially similar to a 
biological activity of C3 or C3b. Such biological activity includes 
15 the binding to a CR. A molecule is said to be "substantially similar" 

to another molecule if both molecules have substantially similar 
structures or if both molecules possess a similar biological activity. 

Variants of C3b, for example, include C3b dimers, and higher 
oligomers. When C activation occurs at the cell -surface, multiple 
cycles of enzyme reactions result in the deposition on the surface of 
C3b in multimeric form. C3b dimers or higher oligomers indeed have 
higher affinity for CR's than do C3b monomers. 

Variants of C3 or C3b are produced by chemical or recombinant 
means well-known in the art. 
25 such variants include, for example, deletions from, or insertions 

or substitutions of, amino acid residues within the amino acid 
sequence. Another group of variants are those in which at least one 
amino acid residue, and preferably, only one, has been removed and a 
different residue inserted in its place. Such substitutions prefer- 
ably are made in accordance with the following list when it is 
desired to modulate finely the characteristics of a peptide molecule. 



20 



30 
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Arg VyV , LeU ^ 

Asn gin; his l£ n arg; gln; 9 lu 

Asp g J' niS "Jt leu; tyr; ile 

Cys se? c he met; ]eu ' ^ r 

rin Ser thr 

asn Thr 

"-pro & t T „ 

lie l eu; ' ; a , Val lie; leu 

Substantial changes In functional or immunological properties are 

» t*. above l,st, that is, by selecting residues that differ more 

P vt de backbone in the area of the substitution, for example as 
sh*et or helical confection, (b, the charge or hydrophobic it, of h 
» ecule at the target site, or (c, the bulk of the side chain Z 
su stations that in genera, are expected to induce greatt chan 
an ther " W 9W " "* /or pr ° ,ine U substituted by 

hT SerJ ° r t '"" e0 " ,1 ' is substituted for (or by) a 

opho ,c residue e.g., ,eucyl, isoleucyl, 

rue, (d, res,due having an electropositive side chain, e.g., 
ral, annnyl, or histidyl, is substituted for (or by, a residu 
av,„, „ electronegative charge, e.g., o^tamy! or aspar ^ " 

for (or by) one not having such a side chain, e.g., g„ci„e 

Most deletions and insertions, and substitutions in particular 
hi "or 7 XPeCt f 10 Pr ° dUCe rad ' Cal «» characteristi o; 

eat effect of „ e SUDSt1tlltjoni deletion _ ^ , nsertjon . n 

do ng so, one skilled in the art will appreciate that the effect will 
e evaluated by routine screening assays, for example, a change 
the ™ u „„, og ,ca, character of the protein molecule, such as bi d,„ 
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to a given antibody, is measured by an immunoassay such as a competi- 
tive type immunoassay. 

An "analog" of C3 or C3b refers to a non-natural molecule 
substantially similar to either the entire molecule or a fragment 
thereof. 

A "chemical derivative" of C3 or C3b contains additional chemical 
moieties not normally a part of the protein or fragment. Covalt.it 
modifications of the peptides are included within the scope of this 
invention. Such modifications may be introduced into the molecule by 
reacting targeted amino acid residues of the peptide with an organic 
derivatizing agent that is capable of reacting with selected side 
chains or terminal residues, as is well-known in the art (T.E. 
Creighton, PrntP.ins: Structure and W nlPcnle Properties, W.H. Freeman 
& Co., San Francisco, pp. 79-86 (1983)). 

Derivatization with bifunctional agents is useful for cross- 
linking the proteins or fragments, to each other or to a water- 
insoluble support matrix or to other macromol ecul ar carriers. 
Commonly used cross-linking agents include, e.g., l,l-bis(diazo- 
acetyl)-2-phenyl ethane, glutaraldehyde, N-hydroxysuccinimide esters, 
for example, esters with 4-azidosal icylic acid, homobi functional 
imidoesters, including disuccinimidyl esters such as 3,3'-dithiobis- 
(succinimidylpropionate), and bifunctional maleimides such as bis-N- 
maleimido-l,8-octane. Derivatizing agents such as methyl -3- [(p- 
azidophenyl)dithio]propioimidate yield photoactivatable intermediates 
that are capable of forming crosslinks in the presence of light. 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates described 
in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 4,247,642; 
4,229,537; and 4,330,440 are employed for protein immobilization. 

The term "antibody" refers both to monoclonal antibodies (mAbs) 
which are a substantially homogeneous population and to polyclonal 
antibodies which are heterogeneous populations. Polyclonal antibodies 
are derived from the sera of animals immunized with an antigen. MAbs 
to specific antigens may be obtained by methods known to those 
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p cr/us9i/oi 4S2 

Skilled the art 

a » L hereof. "Kludmg IgG . <">nbodj e s 

A ^ to the M rp 9 ' ^ ^ Jon 

r ' T '> etaj , ^2*1 ^ino , ta , * ,nc °rporated h v 

tat ** t0ti ' ^« fa Si;i ^^t^^ 

ant '^y acti / Wth SO Ag/ •»• ^ce are 

mo ^ )min a nog]ob 1s t^og )ca] ana rft . the bacteria] 3y 

^ '""""histology 0 ; 
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a wv Western blot analysis or 
, n 1SA as above, and by Wesx 
immunocytology and tL ' ^ 

rad ,oi mm unopreapltat,on ^ 1nclude both i«U 

. a¥W1 "antibody" i s aibU . a . f 0 r example, 

* Z " * In Fab and Flab'h 

CU,6S M I Vare capable of M "" in9 MTv clear »re rapi^ 

Ltact antibody («ahl si_s3~ 
*" " „ »»d other frauds 

C1983))- that Fab and F(a» 12 . for t t, e 

It »iH ^ applet < wwt1(in „ be used 

of tne antibodies useful in the P (s accord ,n 9 

t!ct,on and oration o « - ^ ^ „c o C 

components or ts are typically pro f ents ) or 

•„ fto oroduce F(ab )2 T»«y 
P epSin lt ° P . .„, nn » a molecule If « 



30 



, (t „ produce rv- « 

art- . j t . te "capable of oinams 4 

* antibody is «"« the ..lecule to thereby 

,. capable of specific, ^ r«* ^ „ M nt £ 

*. „,ecule » * . capable of bein, boon 

» h,ch . , of chemically active surface 9 P t|iree 

usually consist . f* ^ ^ »no " < ^ 

*"* " r t«ctal characteristics as 
dimensional struct 

** ,* ^^di:tan epitope of that ao^n 
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w ith the multitude nf « + k 

antigens. ° f 0Mer *.ch My b e evoked by other 

The antibodies or f 
"««t invention „'a y be |~ ° f """""I.,, in the 

**«t t„ e Presence * s ;;;VrV uant,tative,y » r 

°ou»d t„ the rec ep tor. Thus the ,? " ' ™ " * C «•«»« 
»«« in the P rese„, ,„ ; 0 „ the ma : nt h ,b ° dies («■ thereof, 
-tect or visual^ the pretT o7a * 77 Mrt °"« ta "' * 
«e presence of identify* CR J™ 0 a C c "P»™»t. Thus, 
spematozoan „ ay be used as a dial , " a ^osoK-reacte 

«. -uced ahi„ ty of d ; f ,t 9 ;, ;„ c test for , " fert, »* 

-"ion. s ,„i,ar, y , t „ e , p C e U e ™ f -*«*> the acroso K 
- - an oocyte „ sy be J* as « ™e P ,or 

W'ty based on the reduced abi„, y of '* ' *r fnfer- 

aCR - ' ° f m Mc * e »<> mature and express 

S ^ch an assay for h* w 
"tibod, to a c oo^onent a.'^'bolT'^ * 3 C ~*«-. 
b ™<"°9 of a C component, such as c 3 C r * CePt ° r - - «e 

^Prises ,„ cubating , "Mo or a C3b d,„er, t yp , ca „ y 

f ~ • subject i„ the J£ 7 •/"■Wrf". « egg or sperl 

-ch as an a„t,bod y or L T bi "^ 
"hich is bound , ^ d "«ting tb. hfndin, 

Antibodies or tho,*^ * 

~ts, fra.en.rinlr:;; IT " »» — 
aoly labeled b y an y of a number of J, can be «»ect- 

'««», ex,n P ,es of „rkersth ( c» '» «• *»- 
• radioisotope, an e „ 2we , , f e " ««ectab,e labels include 
•i- a free radical. f """-escent label, a paramagnetic label, 

* SOOd description of ^JT"" - "* autoradiography 

I ' S:7 ^^W^ i ^^^ b y Work, 

— ular reference to the J^,^ V*"'' ™ 

,c,t| ed An Introduction to 
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steroidisomerase, yeast l5Me r»*, horseradish 

phosphate dehydrogenase gluco se oxidase, beta- 

peroxidase, alkaline phosphatase, •""«T£J I gluC ose-6-phosphate 
Llactosidase, ribonuclease, urease, catalase, g 

,re not lifted to, f,uor " C6 ..p^ehyde, and fluor- 

erythrin, phycocyanin, allophycocyan". P ^ ^ 

escape, fluorescence emitting meta . »*u t ^ £ 

than.de series. These « * ^ dietbylcn etria*ine 

imidazole, acridinium salt, and oxalic <*" r - inclut , e , 

Examples of bioluminescent compounds useful 

bul are not lifted to luciferin and „ B , c3b , 

The binding partners of tin. » by 

antibodies to C3, and an i od, to « " they 
the various markers mentioned above In 

can be detected by labeling second * SlP**!^ 
t0 the binding partners of th< , invent ,„ *c h » 

protein A, Siaitolococcus protein G, ant, Ig ^ ^ 
M „ included in detecUbly lab eled or 

the avidin-biotin pair, either of »hich ^ ^ 

conjugated to the binding partners of this 

Methods of making and ---- - 
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are described in standard referent », v ■ 

<-•>. «a„d D „„ k of ^ZZr; ,n ? din9: " e(r - D - M - «uu 

Scientific PubiicatW oT, 9 * Mit ™>. 

Utal2ttj£ *^^i^ Technolooy,. ,„.. 

Philadelphia (1980)^^ ' ' e -°" St_aL, Harper i r„ k> 

Various histological „,< ■ 
^toche^a, *.,„,„ «n„ds ^ a T s0 T^*- *«"**•» 
to the teachin, of the invention s ' h " effKtire " «»"<** 
•» the present invention win 5 e' , °" K "" >nai " i "° «*thods useful 

nation of which would not „ v „ ve * the de.er- 

Appropriately label,,, IT "xP'ri^antation. 

to C3. or Z^l' ~» - C3 or C3b, 

»ay to provide a convenient n»ans for C °" J " 9ated '» as 

the bindin, p art „ e r ( , ^"d Th ""*■ ^ - 

«» <"«r labeled with i r0 „ C a„ e , ' * an ««M> or 

«•« to separate those spe™ " * ^ ' " 
*«* . "Sing methods kn0 wn ,„ £ * »«« «• 

r:°:. ° f ^^-^ .- t ° E ;; <•*•>. 

Sce„t,f, c Publications, oxford L W> ' 8 ' ack » e '' 

"f^nce is hereby incorporated' b v r ; 55 - 12 - 55 ' 18 ' *<* 

-W««t, the h„d,„ g part"' or " " 

"escribed above can be attached , """" >* n ™ as 

*■*««.. dextran, Sephadex „ ° ' "" d S ^'' such as 
Polystyrene, and the like, „M C h ca„T' ""'"""^ """^late, 
»" - spe™. Sucn methods at ° ^ 

lUfira. e descr ibed m Weir, o.M. gt_jh, 

The tern, "acrosome reaction" or "arr.o , 
taction which a sper m undergoes „ L , 7 r ° aCU ° n " t0 9 

9 natUrally duH "9 the process leading 
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Th. reaction, which requires the presence of 
up to fertilization. The r ^ mmb ^ and 

calcium ions is a »n>holo gical e*» a multipoint 

the outer acrosomal membrane of the.spem ^^ £nUnJ ^ 
fusion (Green, D.P.L In: ohnson H.H - . 

North Holland, Amsterdam, M*> ™' ' V sosomal membra nes with 
wh ich is considered si^ ^ f«»on * ^ ^ ^ 

- ell ' SPl r:^; S ^sl (Akruk, S.R. ^ **! 
enzymes contained withi . the . $ acrosin It 1S 

Re^. 2:1-3 (1979). Among the relea ^ 
thought that elevation of ^^[^J^ preceding the 
plasroa and outer ^ x ^, n Zu ^ undergo this 
acrosome ^^^t- pelluc ida, which is an acellular 
reaction upon contact witn hydr olytic enzymes 

glyc o P rotein layer zona pellucida to reach 

permit penetration of the sperm tnr g Tnerefore , a viable 

the oocyte membrane, where fof fertilizat io, 
acrosome reaction is an essential W fw an 

A number of techniques are known in 

in vitro conditions ^see, 
acroson* react,™ und r 89/02743 (1989), 

MM. P.T- IrterMt, °7y by „ ferel , c e). These spem tmM 
„„,ch is hereby incorporated "y referen ,„ slmp , e 

methods include, but are not lilt* t .. I I P ^ 
or co mp le* culture -edia ^ ,„ exposure to M * 

,»,c strong -dl. ( Brac,ett B C B^-^ ^ ^ 

(1S72); ,„ treaty a m (,) direct 

(Mtke „, R.J. ,tJU - ,5^, j^eteje^ li:69-7B 

m ,croinjection of spen. • ^ (GrahM , 0 . K . 

(1987)) ; (5) eXP ° S 7," ^ ' . 19 86)); 16) preincubation in siaple 
St al., BioOJetroi, 35:«3-« 4 ^'j, ' and hi 9 h calcium 

— -Trvs ««-». <? 

(Toxins P.T. "^J^^oglycans (Lee, C.«. HJl- 
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4X in TEST-yolk buffer (fim„ 

-*■« Potentia, f™ about J 0 * «■ s P eraatozoa, p , ajma 

ions (rompki „ Si p * '° ♦> * to aU 0 „ an )nfIux of 

. W"«i.r fi u ,„ (Suarez , s s - t S89 ' ma); 00) a , mim of 

zona pe „ ucida .^L. JirI07-«, (]986) 

Fertilization by sperm „ I P er " "'Pension. ' 
P-ferred method P ' C H * ««- in a „ wber of 

* h»ster egg penetra^n t J^/ 6 ""™- k no»„ a so a 

-t- test, and the hete ^ 8 ta-Ur „„a assay, t 

example, Yanagimachi ej^ (6jo ' R ° " """"'Won test (see _ 

are recovered from J' °« *nd attached c m}m cem 

■wl-rwdu. (460 „„ its , , ™. " M "*rs - treated with 

*«st .nvolves incbation of ^ <° "»™ the zona P e„„ cMa . T „ e 

° f * variety of s P ec,es, Z * T " 

P-etrates the e 99 , and tne Zl ' " ^ Tl " *P*™ 

P-«nt of eggs penetrated * S ' at T ^ ** ,he — «■ or 

Ih " test is „ jde , Penetrated sperm per 

» ^ Jn .eTL 0 :?^"" 9 ™' e 
fert,li Z ation i„ ordsr t0 ™ as a "^ning test for 

technic* for measuring s P erm 11 tf^ " MU a «•* «M 
"«n "here obtaining suffullf „, T ^ " PKU ^ «- the 
7«<ca, od ethica, pro b ™ ° f «»"re oocytes P oses 

*«" - I- LtioTe'd °' test as 

^fflSESi. 155:279-286 (1988),. ' °' £LaJ - ite^^Obste^ 

Br the tern, -promoting" fertil.,,,- 
*"» -„ increase the abili J 0 " "s'"" * ""^^ «~««t 
fU5S " U " a "<i Penetrate an eg, L\ ' """"^ ° r to 

--prrrtortr;: 
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Active to P™^/— ° ^ t W 0 ^ 

C3b dimer are in the range ot 

fuse with and penetrate an egg. The term inhibiting i 

i,l anv effects exerted on the sperm, on the egg, or both, 
include any effects exer prov ided to sperm, an 

To inhibit fertilization, the C3b aimer v 
To mniDii T * . in a concentration 

provided in a concentration range of about 0.1 

epididyrais , vas deferens and ^ urethra — 

cerv i X , uterus, fallopian tubes, ovanes ^ v it, .d 
additional tissues and organs associated with 

• * fimrf" refers to fluid secretions of the tissue* 
reproductive tract fluid refers fftllicular fluid, fallopian 

and organs listed above, such as ovarian follicular 
tube fluid, uterine and cervical mucus, and the 1 ke. 

The treatment of infertility associated with C3b reters 
The treatmen comp i em ent in the male or female 

condition m which activation or p ductive tract, 

reproduc tive tract, more common y , ^ ^ ^ ^ ^ 
results in the present of sufficiently y 

promoted. This reduction in C levels 
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acc 0m p lish e d by providing the reproductive tract , th 

a C opponent, such as anti-C3, othe c i , " t0 

down-regulating C production such as bv C ; 1nhlbltln 9 f ^rs, or by 

an insufficiency of a r Mm * "Utility ls associated with 

■»»» the .ethods „f the imem . 0 „ f ■ 't » possible, 

Pooling the activation of c or bv L°J '"fertility by 

"sands, such as a C3b djr r . 9 "* ' aCk, ' ng ^"""""a 

t-ct with C3b di J s ( „ the e CU " 9 " e Active 

-v 00 "« 01 to 

The methods of this in™-*- nation process, 

veterinary uses. ^ to human and 

Having now generally described th» ■ • . 

understood thro oh rlr i0 "' thC S ' m 

<*•<* is provided by way of us ? t '° * f °" WiT * «"»'• 

— 9 Of the present "~ - * 
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FXAHPLE I 

. a fnr it< reactivity with human testis, 
The mAb H316 was tested for Us -act 

. i oiaQma and sperm to determine 
epididymis, s-inal > ««• jnUgens witM „ »!. ^productive 

pattern as well as to localize tn ^ 
tract tissues. Because ^ H ct» ^ ^ 

.eight polygon > - P J and t ^ e 0 f this 

teratocarcinoma cell extracts, 

j „„ cnprm was also examined, 
antigen as expressed on sperm was a 



MATFRTftl S AND ME IHQDS 
1. ftntibodv 



1. Antibody ^ . n supernatant form 

The H316 -se ^ 9 « ^ ^ characterization ar e 

for these studies. Details of its p McLaughlin 
reported elsewhere (Johnson, P.M. sLJU. 

^ a -ided in supernatant form by Dr. 

red blood /^" k k,B ¥A) ^ n addH ion, H315, another hybridoma 
Nancy 0. Alexander f ^ k ^^ ant1gen , placental alRaline 
supernatant specie for a ^ wa$ used in some 

pnosp hatase, antibodies were characterized in a 

experiments. Both of the conx ^ human 

sperm (Anderson et al iL- Ke P r ^ 

2 . StfflLE^^ „„„„„ „ as lf , ui fied at 37-C for 

Human semen from noma! fert.l gingham (BW) 

30 min and diluted 1:S 5 °" 
medium (Bi99=rs eiiLk, ">• wm , so1ate( j by 

Francisco, Freeman Press, PP. "U > U ' ^ BU y ^m. 
centrifugation at 400 ^ . uncapac ,tated.- Spar, 

Sperm at this point « J™^"^ an acros „ M reaction b, two 
^ re induced to capacitate a underg ^ ^ 

protocols: 1) incubation at 37 L ror 
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human serum albumin fHSA- F^t • 

*> J I V.^ * :859 - 69 (1986 ^ «- 

^ophore A23187 (obtained frm " :i " " SA thS 
Scribed by flUken e t a, (J !T, < ^ " 5 *• « 

Actions of ^capaci^'t^/ 321 - 29 ,I984,) - *«'• 
-re harvested fo„ 0 „i„ 9 ^\ C «cros.,e-reacted specimens 

H M medium. JLX^ul 7 ' 00Se 
-acted fractions were tested in pa" , e , 1 " PaC,tat ^'~ 
reacted fractions were tested in „,„,, '' """""^ted/acrosome- 

Fresh, M-wk feta, testis was obtai h H0SPita, ' 6 ° st ™' 

at -70-C until 2 71 ' ^ «" ^ 

Offered saline/1% bovine serum ih' inCUbated in pho ^- 

f °r 30 at room temperat(Jre ™ P * / * 5 *> 0r ™™ antibody 

then incubated with fluoresce in -co ♦ ""^ 1n PBS / BSA and 

IgG (Fab fragment, H- and L-eh»- U - 9a ^ rabb1t 

anti-mouse 

«• 1:40 ,„ P6s/BSfl for ;n? n I' <CaPPeU WS " Che "-' «). 

slides were mounted w tbTo 'v ™T r^'""' a 
»"» diamine ,Si g J, * "^rol-based medium co „ t a (n . 

fluorescence microscope """" iM,Kliate " " • *l» 

Viable motile sperm, „bt a ,„ ed by ^ . 
">y centrifojation at 400 x „ -J P tecb """ le - «™ pelleted 

8 ""' r ""^<S in BW/HSA medium 
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• viO dilution of antibody. Spen. were incubated at 37 
containing a 1.10 , * lution tempera ture; motile spema- 

in a 5% C0 2 incubator for 30 .in ^ ^ air _ 

tozoa ^ -.^^l-'., - - - te.era- 

of the procedure Here as described above. 

5. SadJolsMllB-Ofism lactoperoxi- 

Ml'*f» ^ M " e " la T al TxMSpAoc, 1*2033-38 
dase-catalyzed reaction (Hlchaelson ^J*^^ ^ ^ ^ 

(MB,). A23187-treated spern , 5 10 ^ ; ^ 

which 200 d of lactoperoxidase (S.gma, 1 "9/ 

by 25 nl H 2 0 2 (0.03* . «l , „ BBbri ,„ e proteins were 

MSh6d l "' C ,„J £ 11 pellet in 2 d »f 0.5% NP-40 
solubilized by resuspendmo. the cell P and 
detergent (1. PBS), cellular Mm wa pel eted a ^ 

125j. Lysates were then out on a 

station ^-^t^tirt;: — t of radiolabeled 

portion of each lysaxe 

protein. 

6. ImnmoP^ 0 ^ 1131 - 1511 . . ftn ap^cribed in detail 

Th e i.noprecipitation proce ure has „ „ 

(Hichaelson sljL, SB)' Each 1** « « » of sheep 

Lit ant1- M use I* seru* f W owed -J^ * ^ , „ at 
a „ti-rabb1t I, sen-. P-c,p,tat,on « .11- ^ ^ ^ ^ rf 
r oon, te„perature, followec by . backgr „u»d- yielded in 

these reauents was cntical or^ edu « « „ as pelletad a „d 

subsequent precipitation. The e r,n« P P ti0 „ 
^carded. The lysates -re dw,ded. ^ ^ 

a „tiserun, was earned out £ jg ^ (poco „ 0 

followed 15 «n later by 100 ,1 J ^ Mmi t0 proce ed 

M*t C-adens s PA, J ^ ^ 

at room temperature for 1 h, tnen o 
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Thorough wshing of the i„„ 

b ackgr :„ nd . l :;:r cipitates ms «««' 

'? P6S - ™e pe„ e ts Bere brok C ;„ P ' ; o e 7 a ; e - res usp e„ ded 

"""ting. The centrif U gati„„ and " S " S,>e " Si0n * ^ated 

4 PBS , l „ "rr 1 steps were 

*™ changed, and the precipitate c er ,trm ge tllbes 

1„ re . ovc .„ vis / bl < V^J* H.... Care „as 

• "'"ion co„ ta ,„, ng 2% sodiTdo'd , " C " etS " m in 
-tty„a„i„. Mt ha„e (pH 8 8 T "1 **' ftU «>• "-(hydroxy 

»'«.«. containing 50.5* orea 5/, '1 ' 1' ^ ,,tsn »"»<">- in a 
(UB corp., Rockville ' »'-«<>. and 5, 

«»'«■ S»Ples i„ IEF Duffer ■ »» electric f„ cus) „ g , 

"»n were frozen. Samples dissolved 1 *«W>t«r* f or j „ ,„,, 

• W't* water tat h for 3 .,„ ^ "»» Pl«d in 

7- SDS^PAGE 

*lec«l,r mass markers were ad^eTV A - JBM21 ' 121:2908-12 ( jg 83)) 

cytochrome c . „ B {SJ k °' anhydrase . 2, k0; 

dried „„ f ,t 'pap ' a T """" " U C °«"'= 

« <•<•» type r , 11m wm , DuP ; t M . p ;; n ' a " d "f™-^.. , t . w . c 

8. IEF °"' Cron " intensifying screen. 

Precipitates, soI U 6iH 2etl as descrih., k 
Pl-oresed verticaHy on slab "J^ ri , c " r * a ' S ° ='<«ro- 

«W of O'farre,, uj^^ *.. ^apted fro, the 

RIAs were performed as desrMhnw • 

viable vermt^ «UL (^). 

suspended 1„ Dulbecco , s 6 P^ed as described above and 

««• roiC rotiter plates ^..fT^* 0 * 0 * ^ W " e P'P"fd 

cells were washed thrice in PBS/]% 
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• h tpri for 1 h at 4-C with 200,000 cpm of ^I-labeled 

BSA and then .ncubated for 1 a r ^ Me6 by the chlora.ine-T 

rabb it anti-mouse IgG tt * ^ ^ frorn 

technique. After a fin.1 «n« J ^ & ^ 

^ividua! -Us J^JtJ^, oowner's Grove, IL). 
Scintillation Spectrometer (PacKaro in 

AsS essm.,t of ^\;: * °^Z blind «« 3 ^penoent 
the hamster e 99 pe„e r t,o^ test was P^ ^ fcy 

:7 Zl^ Lm-n (!««))• Ova and attache, 
Vanagimacln sUU (Bl2lJe fr o r su „ et . 0 » u ute I i golden hamsters and 
cumulus cells .ere -°^ f ™ ^ and tryps1n ( o.», 300 
treated with hyaluromdase (460 units, 1 nw 

pellucida, , J s cmU , nins ^/HSA-capacitated 

transferred to 100 1 O ^ ^ ^ , „ pnor t0 

spermatozoa, some of which Follow i„g insemination, the eggs 

the test then washed 3 times in* .M - ^ ^ 

W ere washed in W. ^.^^^p.. The presence of a 

tion rates were calculated (Table 2). FlBCtronJlla: oi 2 ol 

ionophore-treated sperm (as descn [i4 „„| at 4-C 

or a nonsperm reactive IgSj mAb (teu 3a , ^ 
for 30 „ in . The, were then go at 

. »:B dilution of IS » colic, « „ est 

antimouse Ig (Auroprobe EH G15, J » ssen J; and fixed ,„ 

Chester, PA). Sper« were then w.she « „ at rc , 

, 5% glutaraldeMe in ..» » ^phate ^ ^ ^ 

^0^:::" "he samples were then dehydrated through a 
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^aded series of acetones ( 50? ,~ „ 

- ««'«.). and i„f, ltrat d JiJt'so" " 10 SM ,W * - 10- 

f. Epon 812 (cMp , ete V; f ^'ly, the sanp.es mre 
"» •» LIB Nartc 2 ultra „ cro 0 .7 l"' «« cut 

"•""■"•I staining „ fth , £L **"» ""'"st „as enhanced by 

•««• (» «.) and ,e,d citrat -T" S °'" t, °" ° f «™W 
a « 10 elect :: actions „ere then 

The H316 antibody reacted „„,■., 
«» 1" the hoJ„ fete, ,„T a " •"•»«-«« ««t« gem 

«e aerosol re 9 ,o„ '"'^ ™ '-ted intense^ 

;P-ato 2 oa ,„ acetone-fled tL 2"^™"* - ""ore 
* "Worn, of spen, in ^ sections (Figore 

— s were „s 0 PO s it)K fo ^T^- »•* -shed hu»an spe™ 

' ty »» spem across for ,8 ♦ » , SPem react,- 

« of incnoat.on-capactat ^ ^* /""'""^ *«. * ♦ 
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TABLE 1 



REACTIVITY OF H316 WITH NON- CAPACITATED, HSA-CAPACITATED 
AND A23187 ACROSOME- REACTED HUMAN SPERM IN RIA 



CPH bound 3 

SP&wn H316 MAb PBS/BSA control b_ 

Noncapacitated sperm 713 + 71 104 + 24 

BWW/HSA 1984 + 152* 141 + 35 

A23187 2207 + 249* 268 ± 41 



Mean + SD of 3 separate experiments. 
b PBS/BSA = phosphate-buffered saline/bovine serum albumin. 
♦Significantly different from noncapacitated sperm, p<0.01. 



TABLE 2 



EFFECT OF H316 ON HAMSTER EGG PENETRATION BY SPERM 



% Eggs 

penetrated No. sperm/egg 

Treatment {% 0 f control ) (% of control ) 

H316 mAb, 1:10 dilution 62 + 21* 108 + 0.2 

H316 mAb, 1:100 dilution 92 +12 92 + 1 8 

Anti-SRBC Mab, 1:10 dilution 95+9 95 + 0 8 

Anti-SRBC Mab, 1:100 dilution 104 +4 108 + 0 2 

H315 mAb, 1:10 dilution 97 89 



Results are expressed as the mean + SD of 5 separate experiments, 
except for the H315 mAb which was tested only once. The control 
values with no antibody present were 80 + 6% eggs penetrated, 3.2 + 
1.4 sperm/ egg. ~ 

Significantly different from control (p<0.05). 
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C. DISCUSSION 

The results of this study indicate that the antigen recognized by 
the H316 mAb is strongly expressed not only on human trophoblast, 
leukocytes, and certain neoplastic and epithelial cells, but also by 
human testicular germ cells and appears on the surface of acrosome- 
reacted sperm. Testicular germ cells do not undergo terminal 
differentiation untH adulthood, and late-stage differentiation 
antigens expressed on post-meiotic testicular germ cells and 
spermatozoa are potential autoantigens. The antigen detected by H316 
appeared to be weakly expressed by spermatogonia in the fetal testis, 
and therefore may not be a sperm autoantigen; however, the findings 
further indicate that H316 antigen expression is a common feature of 
cell types such as sperm and trophoblast, which are potential targets 
of immunological destruction due to expression of foreign differentia- 
tion or allotypic antigens. 

The H316 antibody recognizes an antigen that appears to be size 
polymorphic between individual human trophoblast membrane preparations 
and neoplastic cell lines (Stern et_aL, supra ). In contrast, the 
antigen expressed on human sperm consistently immunoprecipitated as a 
single broad protein band of approximately 50 kD. The broadness of 
this band could indicate glycosylation, which may mask molecular 
protein polymorphism of the sperm antigen; however, the molecular 
weight of the sperm antigen corresponds to a less glycosylated form of 
the H316 antigen .than is precipitated from teratocarcinoma and 
choriocarcinoma cell lines (Stern et at. , supra ) and, hence, could 
indicate differential glycosylation of this molecule in human 
testicular germ cells, or a genetic alternative splicing mechanism 
operative in these cells, compared with other cell types. 

The unexpected finding that binding of H316 to the human sperm 
surface occurs only after acrosomal changes induced by incubation in 
capacitation media or calcium ionophore treatment may provide a clue 
for understanding the functional significance of this antigen on 
sperm, and indicates that the antigen recognized by H316 may also be 
useful as a clinical marker for sperm capacitation or acrosome 
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reaction. Another mAb described by Wolf et al. , Biol. Reprod. 
32: 1157-62 (1985), recognizes a human acrosomal antigen that appears 
to be lost with capacitation/acrosome reaction (the reverse of that 
observed with H316) . Expression of the H316 antigen on sperm from men 
with unexplained infertility, may serve as a diagnostic tool in 
understanding, as well as in diagnosing, male infertility. Further- 
more, antibodies to the antigen recognized by H316 v.juld be expected 
to inhibit sperm penetration of homologous eggs. 

EXAMPLE II 

A ROLE OF THE COMPLEMENT COMPONENT C3 AND ITS RECEPTOR, MCP, 
IN HUMAN SPERM-EGG INTERACTION 

Based on the observation (Example I, above) that a 55 kD C3- 
binding protein, membrane cofactor protein (MCP) or CD45 is abundantly 
expressed on the surface of acrosome-reacted (AR) human sperm, and 
that mAb directed to this antigen inhibit the penetration of human 
sperm into hamster eggs, experiments were performed to test whether 
the MCP on human AR sperm is a functional receptor. 

The binding of 125I-C3b dimers to AR sperm was analyzed. Table 3 
shows the results of binding experiments indicating the specific 
binding of the labeled C3b dimers to AR sperm in comparisonvivo to 
acrosome-intact sperm and to polymorphonuclear (PMN) leucocytes. The 
affinity constant (Kd) of ligand binding to sperm or PMN's was 
calculated to be "34 nm. Scatchard analysis revealed an approximately 
8-fold increase in the number of C3b binding sites on AR sperm 
compared to acrosome-intact sperm ("280 binding sites/cell on AR sperm 
and "36 sites/cell on acrosome-intact sperm). PMN had "6788 sites 
per cell. 
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TABLE 3 

SPECIFIC BINDING OF RADIOLABELED C3b DIMERS TO SPERM AND PMN's 



125 



I-[C3b] 2 added (/ig/ml) 



2S_ 12.5 6.25 3.12 1.5 



Fresh Sperm 0 0 306 82 355 

(180) (245) (244) 

AR Sperm 2461 2378 615 159 o 

(837) (335) (352) (121) 

PMN's 8184 6252 4211 4096 ND 

(591) (183) (680) (385) 



Values shown are the means (+SEM) of specific binding in CPM. The 

fSSSi ! i C r«S in9 ^ Wa l- C 2 1 . culated by subtrac ting from the binding of 
labeled [C3b]si the binding in the presence of a 10-fold excess of 



Immunofluorescence (IF) staining of sperm were performed using 
murine mAbs against the 3 known types of C3 receptors, CR1, CR2, and 
CR3, along with fluoresceint-labeled second antibodies to detect the 
presence of known CRs. Indirect IF with C3b dimers and fluoresce! n- 
conjugated anti-C3 antibodies was used to assess C3b binding. 

AR sperm did not express any of the more classic CR types, though 
they did stain with anti-MCP antibody (H316). Furthermore, binding of 
labeled C3b dimers to AR sperm was not inhibited by anti-C3 antibody, 
indicating that C3b bound to a C3b-binding moiety (Table 3). 

Human and hamster eggs, prepared and freed of their zona 
pellucida (by low pH treatment and trypsin treatment, respectively) as 
described in Example I, above, were found to stain with anti-CRl and 
anti-CR3 mAbs, and to bind C3b dimers as detected by staining with 
anti-C3 antibodies (Table 4). In contrast to AR sperm, eggs did not 
15 stain with anti-MCP (the H316 mAb). Therefore, human and hamster 
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oocytes have C receptors on their surface different than the type 
associated with acrosome-reacted sperm. 

IF assays further revealed the presence of C3-like molecules on 
the surface of hamster and human zona-free eggs which had been 
incubated in serum. Gametes were suspended in 100 /zl of the 
appropriate buffers with predetermined saturating concentrations of 
mAb or C3b dimer. Cells were incubated at ZO'C for 60 min. and washed 
in buffer. Gametes were resuspended in 100 buffer with saturating 
concentrations of the second step reagent (FITC- or 125 I-labeled goat 
anti -mouse IgG or rabbit anti -human C3) and incubated at 20°C for 60 
min. Gametes were washed an assessed for binding by IF microscopy or 
by counting bound 125 I in a gamma counter. Non-specific binding was 
determined by primary incubation of replicate samples of gametes with 
equimolar concentrations of either subcl ass-matched IgG or nonspecific 
15 IgG. 

Eggs showed abundant expression of C3 cross-reactive material on 
their surface. 

TABLE 4 

DETECTION OF C3 RECEPTORS ON SPERM AND EGGS BY IMMUNOFLUORESCENCE 

— Human Sperm Human Hamster 

Fresh AR- Eggs Eggs 



anti-CRl 
anti-CR2 
anti-CR3 

anti-MCP - ++ 

anti-DAF - + 

C3b2, anti-C3 - ++ 



++ ++ 
+ 

++ ++ 



++ ++ 



Acrosome-reacted sperm 
Scoring: -: no detectable fluorescence; ±: intermediate staininq- 
++: strong staining 3 
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These results indicate that both sperm and egg membranes have the 
capacity to bind C3b, suggesting that this component of activated 
complement, presumably in complex form, serves as a bridge between a 
sperm and an oocyte, via dissimilar receptors on the two gametes. 
Complement, specifically the C3 fragment, C3b, plays an important role 
in the fertilization process. 

This is further supported by results of experir ents which 
examined the effect on the hamster egg penetration test of C3b 
dimers, an antibody to the MCP-type CR (H316), and an anti-C3 
antibody. Results with sperm from fertile donors (Table 5) indicate 
that low concentrations of the C3b dimer, at 4 and 40 /xg/ml, signifi- 
cantly enhance fertilization, whereas a higher concentration of C3b 
dimer, 400 /ig/ml, markedly inhibited fertilization. Antibody to C3 
(at 10 mg/ml) also inhibited fertilization. Fertilization by sperm 
from subfertile donors was enhanced by 40 /ig/ml of C3b dimer whereas 
both an antibody which binds to the CR on acrosome-reacted sperm 
(H316) and an anti-C3 antibody were highly inhibitory to the 
fertilization process (Table 6). 
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TABLE 5 

EFFECT OF C3b 2 AND mAb H316 ON HAMSTER EGG PENETRATION: 
FERTILE DONOR SPERM 



Treatment No. Eggs 

Control (no treatment) 23 



H316 (0.1 mg/ml) 
C3b dimer (0.004 mg/ml) 
C3b dimer (0.04 mg/ml) 
C3b dimer (0.4 mg/ml) 
anti-C3 (0.1 mg/ml) 



21 
25 
24 
23 
27 



Eggs Penetrated/ 

Total 
UU 

19/23 
(82.6%) 

19/21 
(90.5%) 

23/25 
(92%) 

22/24 
(91.7%) 

17/23 
(73.9%) 

12/27 
(44%) 



Penetration Index - # penetrated sperm/ # eggs 
♦Significantly different from control. 



Penetration 
Index 

1.91 

1.10 

2.84* 

3.85* 

0.96* 

0.81* 
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TABLE 6 

EFFECT OF C3b 2 AND mAb H316 ON HAMSTER EGG PENETRATION- 
SUBFERTILE DONOR SPERM 



Treatment 


No. Eaas 


Eggs Penetrated/ 
Total 
f % ) 


Penetration 
Index 


Control (no treatment) 


21 


7/21 
(33%) 


.43 


H316 (0.1 mg/ml) 


14 


0/14 
(0%) 


u 


C3b dimer (0.004 nig/ml) 


18 


9/18 
(50%) 


.50 


C3b dimer (0.04 mg/ml) 


20 


10/20 
(50%) 


.60* 


C3b dimer (0.4 mg/ml) 


18 


5/18 
(28%) 


.39 


anti-C3 (0.1 mg/ml) 


12 


1/12 
(8%) 


.08* 



Jn!!c^?? Ind6 £ " * P enetrat ? d sperm/# eggs. Subfertile donor sperm 
consistently performed poorly (<50% penetration). 



^Significantly different from control 
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Having now fully described this invention, it will be appreciated 
by those skilled in the art that the same can be performed within a 
wide range of equivalent parameters, concentrations, and conditions 
without departing from the spirit and scope of the invention and 
without undue experimentation. 

While this invention has been described in connection with 
specific embodiments thereof, it will be understood that it is capable 
of further modifications. This application is intended to cover any 
variations, uses, or adaptations of the inventions following, in 
general, the principles of the invention and including such departures 
from the present disclosure as come within known or customary practice 
within the art to which the invention pertains and as may be applied 
to the essential features hereinbefore set forth as follows in the 
scope of the appended claims. 



WO 91/13352 



PCIYUS91/01452 



15 



20 



25 



-40- 

WHAT IS CLAIMED TS : 

1. A method for identifying an acrosome-reacted sperm in a 
sperm-containing sample comprising detecting the presence of a 

5 complement receptor on said sperm. 

2. The method of claim 1 comprising the steps of: 

(a) contacting said sample with a binding partner for said 
complement receptor or for complement component C3 or a 

10 fragment or variant thereof; and 

(b) detecting the presence of said sperm-bound binding partner, 
thereby identifying said acrosome-reacted sperm. 

3. The method of claim 2 wherein said binding partner is 
selected from the group consisting of C3b, a fragment of C3b, a 
variant of C3b, an antibody specific for C3, an antibody specific for 
C3b, and an antibody specific for said complement receptor. 

4. A method for isolating an acrosome-reacted sperm in a sperm- 
containing sample comprising separating sperm expressing a complement 
receptor from sperm not expressing said complement receptor. 

5. The method of claim 4 comprising the steps of: 

(a) contacting said sample with a binding partner for said 
complement receptor or for complement component, C3b; and 

(b) isolating the sperm bound to said binding partner. 

6. The method of claim 5 further comprising before step (a) 
treating said sperm-containing sample with an agent capable of 
inducing an acrosomal reaction. 



30 



WO 91/13352 



PCT/US91/01452 



-41- 



7. A method for identifying a complement receptor-bearing 
oocyte in an oocyte-containing sample comprising: 

(a) contacting said sample with a binding partner for said 
complement receptor or for complement component C3 or a 

5 fragment or variant thereof; and 

(b) detecting the presence of said oocyte-bound binding partner, 
thereby identifying said oocyte. 



8. The method of claim 7 further comprising before step (a) 
10 treating said oocyte with an agent capable of removing the zona 

pellucida from said oocyte. 



9. The method of claim 7 wherein said binding partner is 
selected from the group consisting of C3b, a variant of C3b, iC3b, an 

15 antibody specific for C3, and an antibody specific for a complement 

receptor expressed on said oocyte. 

10. A method for promoting fertilization of an egg by a sperm 
comprising contacting said sperm, said egg, or both with an amount of 

20 the complement component C3, or fragment or variant thereof, effective 

to promote said fertilization. 

11. The method of claim 10 wherein said fertilization occurs in 
vitro . 

25 

12. The method of claim 10 wherein said fertilization occurs in 

vivo. 



30 



13. 
14. 



The method of claim 10 wherein said fragment is C3b. 

The method of claim 10 wherein said variant is a C3b dimer. 
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15. A method for inhibiting the fertilization of an egg by a 
sperm comprising contacting said sperm, said egg, or both with an 
amount of a binding partner for a complement receptor or for a 
complement component, fragment or variant effective to inhibit said 

5 fertilization. 

16. A method for promoting fertilization comprising administer 
ing to a female reproductive tract an amount of a complement com- 
ponent, fragment or variant thereof effective to promote said 

10 fertilization. 

17. A method for promoting fertilization comprising inducing in 
a female reproductive tract an amount of a complement component or 
fragment effective to promote said fertilization. 

15 

18. A method for promoting fertilization following transfer to a 
female reproductive tract of sperm and an egg comprising providing to 
a mixture of said sperm and egg prior to said transfer an amount of a 
complement component, fragment or variant thereof effective to promote 

20 said fertilization. 

19. A method for diagnosing infertility in a male subject 
comprising detecting the presence of acrosome-reacted sperm in a 
sample obtained from said male using the method of claim 1. 

25 

20. A method for diagnosing infertility in a female subject 
comprising detecting the presence of an oocyte expressing a complement 
receptor using the method of claim 7. 

30 21. A method for diagnosing infertility in a female subject 

comprising measuring the concentration of C3 or C3b, an inhibitor of 
complement activation, or an inhibitor of complement binding to a 
complement receptor, in the reproductive tract fluid of said subject. 
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22. A method for treating infertility substantially associated 
with a complement component abnormality or a complement receptor 
abnormality in a subject comprising? reducing the concentration of C3 
or C3 fragment in the reproductive tract fluid of said subject to a 
level sufficiently low to eliminate the fertilization inhibitory 
activity of said C3 or C3 fragment. 




FIG. 1B 
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